Objective: To determine the mechanism by which flutamide administration following trauma-hemorrhage (T-H) decreases cytokine production and hepatic injury under those conditions. Summary Background Data: Although studies have demonstrated that flutamide administration following T-H improves hepatic and immune functions, the mechanism by which flutamide produces the salutary effects remains unknown. Methods: Male Sprague-Dawley rats underwent a 5-cm laparotomy and hemorrhagic shock (40 mm Hg for ϳ90 minutes), followed by resuscitation with 4 times the shed blood volume in the form of Ringer's lactate. Flutamide (25 mg/kg body weight, sc) was administered at the middle of resuscitation and animals were killed 2 hours thereafter. To block estrogen receptor (ER), ER antagonist ICI 182,780 was administrated with flutamide. Results: Hepatic injury, myeloperoxidase activity, nuclear factor-kappaB (NF-B) DNA binding activity and protein expression of intercellular adhesion molecule-1, and cytokine-induced neutrophil chemoattractant (CINC-1 and CINC-3) markedly increased following T-H. Hepatic mRNA and plasma IL-6 levels were also elevated following T-H. The alterations in these parameters induced by T-H were significantly attenuated by flutamide administration. The decreased plasma estradiol levels following T-H were restored to sham levels in the flutamide-treated T-H animals. Coadministration of ICI 182,780 prevented those salutary effects of flutamide administration on pro-inflammatory responses and hepatic injury following T-H. Conclusion: These findings suggest that the reduction in the production of pro-inflammatory mediators and hepatic injury produced by flutamide administration following T-H is likely due to the down-regulation in hepatic NF-kappaB DNA binding activity. Moreover, the salutary effects of flutamide administration appear to be mediated at least in part via ER-related pathway.
H emorrhagic shock results in excessive production of pro-inflammatory mediators, such as cytokines and chemokines, which play a significant role in the development of multiple organ dysfunctions under those conditions. 1 Studies have shown that the nuclear factor-kappa B (NF-B) family is activated in the lung, liver, heart, and lymphocytes following hemorrhagic shock. [2] [3] [4] Furthermore, the activation of NF-B induces the expression of pro-inflammatory mediators following hemorrhagic shock and sepsis. 5, 6 Previous studies have also demonstrated that NF-B activation regulates gene expression of pro-inflammatory mediators that are associated with neutrophil accumulation in the target organs following hemorrhagic shock. These mediators include intercellular adhesion molecule-1 (ICAM-1), 7 cytokine-induced neutrophil chemoattractant-1 (CINC-1), 8 and IL-6. 2, 9 Studies have shown that neutrophils are activated in the early phase of hemorrhagic shock 10 and that hepatic injury is associated with an increased neutrophil accumulation in the liver following hemorrhagic shock. 11, 12 The activated neutrophils appear to infiltrate the injured liver in parallel with increased expression of adhesion molecules on endothelial cells and elevated local chemokine/cytokine levels following hemorrhagic shock. Furthermore, trauma-hemorrhagic shock increases endothelial cell P-selectin and ICAM-1 in the lung and liver. 13 Moreover, the levels of the chemokine, CINC-1, are elevated in the lungs after trauma-hemorrhage. 14 IL-6 also appears to be an essential component of the inflammatory cascade that is associated with hepatic injury in hemorrhagic shock. Our recent study has shown that IL-6 plays a significant role in the induction of hepatic dysfunction and liver injury following trauma-hemorrhage. 15 Moreover, IL-6-deficient mice showed less neutrophil infiltration and organ damage compared with wild-type mice under those conditions. 16 Gender-dimorphic immune and organ responsiveness following hemorrhagic shock and sepsis has been reported. In particular, androgens have been shown to be responsible for producing the immunosuppression following trauma-hemorrhage in males. In contrast, female sex steroids exhibit immunoprotective properties following hemorrhagic shock and sepsis. 17, 18 Furthermore, estrogen administration following hemorrhagic shock has been shown to reduce pro-inflammatory cytokine production and hepatic injury under those conditions. 19, 20 Gender dimorphism in neutrophil priming and activation following trauma-hemorrhage has also been previously reported. 14 In this regard, the increased accumulation of neutrophils in lung in males has been shown to be associated with the elevation in pulmonary chemokine levels. 14 Thus, female sex steroids appear to be closely related in the attenuation/prevention of hepatic injury following hemorrhagic shock.
Our previous studies have shown that flutamide, an androgen receptor antagonist, administration improves hepatocellular and immune functions in males following trauma and hemorrhagic shock. 21, 22 Although flutamide has been shown to produce the above-mentioned salutary effects, the mechanism responsible for the salutary effects of flutamide on decreasing hepatic injury and cytokine production following trauma-hemorrhage remains unclear. Our recent study has shown that flutamide administration following trauma-hemorrhage modulated cardiac estrogen receptor (ER) protein expression in male rats. 23 Other studies have demonstrated that flutamide administration increases plasma estrogen levels in male rats. 24, 25 Therefore, we hypothesized that flutamide administration following trauma-hemorrhage attenuates hepatic injury and cytokine production via an ER-related pathway. To test the hypothesis, we first examined the effects of flutamide administration on hepatic injury by measuring hepatic NF-B DNA binding activity and chemokine and cytokine production following trauma-hemorrhage. We also used the ER antagonist, ICI 182,780, along with flutamide to determine if the salutary effects of flutamide are abrogated by blockade of ER under those conditions.
METHODS

Animals
Adult male (275-325 g) Sprague-Dawley rats (Charles River Laboratories, Wilmington, MA) were used in this study. All experiments were performed in adherence with the National Institutes of Health Guidelines for the Care and Use of Laboratory Animals and approved by the Institutional Animal Care and Use Committee of the University of Alabama at Birmingham.
Experimental Procedures
A nonheparinized rat model of trauma-hemorrhage, as previously described, was used. 26 Briefly, male Sprague-Dawley rats were fasted overnight before the experiment but allowed water ad libitum. The rats were anesthetized using isoflurane (Attane, Minrad Inc, Bethlehem, PA) inhalation. A 5-cm midline laparotomy was then performed to induce soft tissue trauma. The abdominal incision was then closed in layers and polyethylene (PE-50, Becton Dickinson & Co, Sparks, MD) catheters were placed in both femoral arteries and the right femoral vein. The catheters were subsequently tunneled through to the dorsal side and the incision sites were closed with sutures. The rats were then placed into a Plexiglas box (21 ϫ 9 ϫ 5 cm) in a prone position and were allowed to awaken, following which they were rapidly bled to a mean arterial pressure (MAP) of 35 to 40 mm Hg within 10 minutes. The time at which the animals could no longer maintain a MAP of 35 to 40 mm Hg without infusing some fluid was defined as maximum bleed-out volume. The rats were maintained at this MAP until 40% of the shed blood was returned in the form of Ringer's lactate. The animals were then resuscitated with 4 times the volume of shed blood with Ringer's lactate over 60 minutes. Following resuscitation, the catheters were removed, the vessels were ligated, and skin incisions closed with sutures. Sham-operated animals underwent the same groin dissection, which included the ligation of the femoral arteries and vein; however, the animals were neither subjected to trauma-hemorrhage nor resuscitated. The animals were returned to their cages and were allowed food and water ad libitum and were killed 2 hours after the end of resuscitation.
In the treatment group, flutamide (25 mg/kg subcutaneously; Sigma, St. Louis, MO) was administered at the middle of resuscitation. In the vehicle-treated group (control group), rats received the same volume of vehicle (propanediol, Sigma) at the middle of resuscitation. 23 To block estrogen receptor activity, a high-affinity estrogen receptor antagonist, ICI 182,780 (3 mg/kg intraperitoneally; Tocris Cookson Ltd, Ballwin, MO) was administered along with flutamide at the onset of resuscitation, as described previously. 27
Measurement of Hepatic Injury
Two hours after either the completion of resuscitation or sham operation, blood samples with heparin were obtained and plasma was separated by centrifugation, immediately frozen and stored at Ϫ80°C until assayed. Hepatic injury was determined by measuring plasma levels of alpha glutathione S-transferase (␣GST) using a commercially available EIA kit according to the manufacturer's instructions (Biotrin International Ltd, Dublin, Ireland).
Measurement of Myeloperoxidase (MPO) Activity
MPO activity in homogenates of whole liver was determined as described by Rana et al. 28 Briefly, equal weights (100 mg wet weight) of liver were suspended in 1 mL buffer (0.5% hexadecyltrimethylammonium bromide in 50 mmol/L phosphate buffer, pH 6.0) and sonicated at 30 cycles, twice, for 30 seconds on ice. Homogenates were cleared by centrifuging at 12,000 rpm at 4°C, and the supernatants were stored at Ϫ80°C. Protein content in the samples was determined (BioRad, Hecules, CA). The samples were incubated with a substrate o-dianisidine hydrochloride. This reaction was carried out in a 96-well plate by adding 290 L 50 mmol/L phosphate buffer, 3 L substrate solution (containing 20 mg/mL o-dianisidine hydrochloride), and 3 L H 2 O 2 (20 mmol/L). Sample (10 L) was added to each well to start the reaction. Standard MPO (Sigma) was used in parallel to determine MPO activity in the sample. The reaction was stopped by adding 3 L sodium azide (30%). Light absorbance at 460 nm was read. MPO activity was determined by using the curve obtained from the standard MPO.
Determination of ICAM-1, CINC-1, and CINC-3 Levels
The hepatic ICAM-1, CINC-1, and CINC-3 levels were determined using ELISA kits (R&D, Minneapolis, MN) according to the manufacturer's instructions. 14 Briefly, the samples were homogenized in 10 times the volume of PBS (pH 7.4) containing protease inhibitors (Complete Protease Inhibitor Cocktail, Boehringer Mannheim, Germany). The homogenates were centrifuged at 2000 ϫ g for 20 minutes at 4°C and the supernatant was assayed for ICAM-1, CINC-1, and CINC-3 levels.
Measurement of Plasma Levels of IL-6
Plasma levels of IL-6 (Pharmingen, San Diego, CA) were measured using a commercially available ELISA kit according to the manufacturer's instructions.
Measurement of Plasma Levels of Estradiol, Testosterone, and Dihydrotestosterone (DHT)
Blood samples (2 mL) were collected in EDTA-coated test tubes 2 hours after either the completion of resuscitation or sham operation. Plasma was immediately separated by centrifugation, and the plasma samples were stored at Ϫ80°C until assayed for sex hormones. The levels of estradiol, testosterone (Cayman Chemical, Ann Arbor, MI) and DHT (Alpco Diagnostics, Windham, NH) were determined by enzyme immunoassay (EIA) kits.
Hepatic mRNA Expression Analysis
Gene expressions of IL-6 and ICAM-1 in the liver were determined by quantitative real-time PCR as described previously. 29 Total RNA was isolated from the left lobe of the liver using TRIzol Reagent (Invitrogen, Carlsbad, CA) according to the manufacturer's protocol. The cDNA was generated from the total RNA samples by using TaqMan Reverse Transcription Reagents (Applied Biosystems, Foster City, CA). Each real-time PCR reaction was performed in a mix of 10 L reaction mixture containing 20 ng of cDNA, 2 ϫ PCR Master Mix (Applied Biosystems), and each probe and primer set. TaqMan Gene Expression Assays (Applied Biosystems) for IL-6 and ICAM-1 were purchased as probe and primer sets. The reaction mixture was denatured for 1 cycle of 2 minutes at 50°C, 10 minutes at 95°C, and incubated for 40 cycles (denaturing for 15 seconds at 95°C and annealing and extending for 1 minute at 60°C) using ABI Prism 7900HT (Applied Biosystems). All samples were tested in triplicate, and average values were used for quantification. 18S rRNA was used as an endogenous control. The comparative CT method (⌬⌬CT, cycle threshold) was used for quantification of gene expression. Analysis was performed using SDS v2.2 software (Applied Biosystems) according to the manufacturer's instruction.
Electrophoretic Mobility Shift Assays (EMSA)
NF-B DNA binding activities were determined in nuclear extracts of the liver. 30 Oligonucleotide probes corresponding either to NF-B consensus sequences (Santa Cruz Biotechnology, Inc, Santa Cruz, CA) were labeled with ␥-32 P-ATP (Ն6000 Ci/mmol, Amersham, Piscataway, NJ). Nuclear extracts, Ն20,000 cpm of radiolabeled double-stranded target oligonucleotide, poly(dI-dC) and incubation buffer (Promega, Madison, WI) were mixed and incubated. After 30 minutes incubation on RT, each of the samples was loaded onto 6% DNA retardation gel (Novex, Carlsbad, CA) and run at 10 to 15 mA for 90 minutes. Following electrophoresis, band intensities were quantified using autoradiography. Signal densities were evaluated by ChemiImager 5500 software (Alpha Inotech, San Leandro, CA).
Statistical Analysis
Data are presented as mean Ϯ SEM. Statistical differences among groups were determined by one way analysis of variance followed by Fisher's LSD as a post hoc test. Differences were considered significant if P Ͻ 0.05.
RESULTS
Alteration in Plasma ␣GST
In sham-operated animals, no significant differences in plasma ␣GST levels were found between vehicle-and flutamidetreated groups. Trauma-hemorrhage significantly increased plasma ␣GST levels. Flutamide treatment attenuated the trauma-hemorrhage-induced increase in plasma ␣GST; however, the levels remained higher than shams. Although ICI 182,780 coadministration with flutamide did not influence trauma-hemorrhageinduced increase in plasma ␣GST, its administration prevented the salutary effect of flutamide on the reduction in plasma ␣GST following trauma-hemorrhage ( Fig. 1A) . Flutamide and ER After Trauma-Hemorrhage
Alteration in Hepatic MPO Activity
As shown in Figure 1B , flutamide administration did not influence hepatic MPO activity in sham groups. The hepatic MPO activity significantly increased following trauma-hemorrhage. However, flutamide administration following traumahemorrhage decreased the hepatic MPO activity compared with vehicle-treated trauma-hemorrhage animals. ICI 182,780 coadministration along with flutamide prevented the flutamide-mediated reduction in hepatic MPO following trauma-hemorrhage ( Fig. 1A) .
Alteration in NF-kappaB DNA Binding Activities
As shown in Figure 2A , NF-B DNA binding activity was not influenced by flutamide administration in sham animals (lanes 4 and 5) compared with shams receiving vehicle (lanes 1 and 2). Trauma-hemorrhage significantly increased NF-B DNA binding activity (lanes 6 and 7) compared with sham animals. Flutamide administration following trauma-hemorrhage, however, significantly reduced the elevated NF-B DNA binding activity and the activity was similar to shams (lanes 8 and 9). DNA binding activity was completely abolished in the presence of specific oligonucleotide cold probe (lane 10). As shown in Figure 2B , NF-B DNA binding activity was not influenced by ICI 182,780 coadministration in trauma-hemorrhage vehicle-treated animals (lanes 5 and 6). However, the flutamide-mediated reduction in NF-B DNA binding activity was significantly abolished by ICI 182,780 coadministration (Fig. 2 ).
Alteration in Hepatic mRNA and Protein Expression of ICAM-1
There was no significant difference in hepatic mRNA and protein expressions of ICAM-1 between vehicle-and flutamide-treated sham groups. Following trauma-hemorrhage, mRNA and protein expressions of ICAM-1 were increased in the liver. Flutamide administration attenuated the hepatic ICAM-1 expressions to sham levels. Administration of ICI 182,780 along with flutamide prevented the flutamideinduced attenuation in hepatic ICAM-1 expressions (Fig. 3 ).
Alteration in Hepatic Protein Expressions of CINC-1 and CINC-3
No significant difference was observed in hepatic protein expressions of CINC-1 and CINC-3 between vehicle-and flutamide-treated sham groups (Fig. 4 ). Trauma-hemorrhage induced a significant elevation in hepatic CINC-1 and CINC-3 levels (Fig. 4 ). Administration of flutamide following traumahemorrhage reduced the increase in hepatic CINC-1; however, the levels remained significantly higher compared with those in sham animals (Fig. 4A ). CINC-3 levels were also improved in trauma-hemorrhage animals treated with flutamide ( Fig. 4B ). Administration of ER antagonist, ICI 182,780, along with flutamide, prevented the flutamide-induced attenuation in hepatic CINC-1 and CINC-3 elevation (Fig. 4 ).
Alteration in Hepatic mRNA Expression and Plasma Levels of IL-6
Trauma-hemorrhage markedly increased mRNA and plasma levels of IL-6 ( Fig. 5 ). Flutamide administration following trauma-hemorrhage prevented these increases in IL-6 ( Fig. 5 ). However, coadministration of ICI 182,780 prevented the flutamide-mediated decreases in IL-6 production ( Fig. 5 ). 
Alteration in Plasma Levels of Estradiol, Testosterone, and DHT
Flutamide administration in the sham group did not influence plasma testosterone levels (Fig. 6 ). Trauma-hemorrhage resulted in a significant decrease in plasma levels of testosterone ( Fig. 6 ). Plasma testosterone levels were maintained at sham levels in flutamide-treated trauma-hemorrhage groups. ICI 182,780 did not influence plasma testosterone levels following trauma-hemorrhage ( Fig. 6A ). There is no significant difference in plasma estradiol levels between sham and sham treated with flutamide groups. Plasma levels of estradiol significantly decreased following trauma-hemorrhage; however, flutamide administration following traumahemorrhage restored plasma estradiol levels to sham levels. Moreover, ICI 182,780 coadministration with flutamide prevented this effect of flutamide on plasma estradiol levels following trauma-hemorrhage (Fig. 6B ). Plasma DHT levels were the same in the sham group with or without flutamide administration. Although plasma DHT levels were significantly decreased following trauma-hemorrhage, there were no significant differences among any treatment groups under those conditions (Fig. 6C ).
DISCUSSION
Our previous studies have shown that flutamide, an androgen receptor antagonist, administration following traumahemorrhage had salutary effects on cardiovascular, hepato-cellular, and immune functions under those conditions. 21, 22 The present study indicates that flutamide significantly decreased hepatic injury and plasma IL-6 levels following trauma-hemorrhage. The decrease in hepatic injury was associated with the decrease in MPO activity and neutrophil accumulation. Hepatic neutrophil accumulation was closely related to the alteration in the hepatic protein levels of CINC-1, CINC-3, and ICAM-1. Moreover, the elevated NF-B DNA binding activity, which is reported to regulate gene expressions of CINC-1, CINC-3, ICAM-1, and IL-6, was attenuated by flutamide administration following trauma-hemorrhage. Furthermore, the salutary effects of flutamide on hepatic injury and cytokine production were prevented by the ER antagonist. In addition, plasma levels of estradiol were restored to sham levels by flutamide administration following trauma-hemorrhage. These findings suggest the mechanism of the salutary effect of flutamide in decreasing hepatic injury and pro-inflammatory cytokine production is likely due to down-regulation in NF-B DNA binding activity. Furthermore, since administration of ICI 182,790 along with flutamide abolished the salutary effects of flutamide, the results suggest that the salutary effects of flutamide following adverse circulatory conditions appear to be mediated at least in part via ER-related pathway.
The NF-B family, one of the transcriptional factors, is activated in the lung, liver, and heart following hemorrhagic shock. 2, 3 The activation of NF-B plays a pivotal role in inflammation and drives the expression of pro-inflammatory mediators. 5, 6 Studies have shown that hemorrhagic shock 
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Flutamide and ER After Trauma-Hemorrhage activates NF-B and induces increased IL-6 gene expression in the liver. 2, 9 Studies have also reported that CINC-1 and CINC-3 gene expression appears to be related to the activation of NF-B. A rapid increase in NF-B binding activity after ischemia-reperfusion injury in the liver preceded the increase in the expression of CINC-1. 8 The reduction in hepatic neutrophil recruitment was associated with decreased activation of NF-B and expression of the CINC-3. 31 The role of the NF-B signaling cascade is also important in ICAM-1 activation. 7 The present study clearly shows that flutamide administration following trauma-hemorrhage reduced the hepatic activation of NF-B under those conditions. Although this down-regulation of activated NF-B in the liver is likely related to decreases in hepatic neutrophil accumulation and IL-6 production following trauma-hemorrhage, the precise mechanism by which flutamide treatment modulates hepatic NF-B activation still remains unknown. Recent studies have demonstrated molecular cross-talk between these families of transcription factors in which the ER mediates inhibition of NF-B activity at several levels. 32, 33 One study reported that the disruption of NF-B-mediated transactivation plays a significant role in ER inhibition of IL-6 gene expression. 34 Our present study has shown that flutamide administration restored plasma estrogen levels to sham levels following trauma-hemorrhage. Although we have not measured alteration in hepatic estradiol levels and ER protein expression in this study, our recent study has shown that flutamide administration modulated cardiac ER protein expression in male rats following trauma-hemor-rhage. 23, 27 Thus, sustained increase in plasma estrogen levels and/or modulated ER expression after flutamide administration likely contributes to a decrease in hepatic NF-B activation following trauma-hemorrhage. Additional studies are needed to determine the mechanism by which flutamide suppresses NF-B activation following trauma-hemorrhage. Nonetheless, since administration of ER antagonist along with flutamide prevented the salutary effects of flutamide on hepatic injury and pro-inflammatory cytokine production, the salutary effects of flutamide administration appear to be mediated at least in part via ER-related pathway.
The present results demonstrate that flutamide administration following trauma-hemorrhage restores the depressed plasma testosterone and estradiol levels, which may have decreased due to the effect of blood loss following trauma-hemorrhage. Plasma testosterone was increased by flutamide administration in male rats. This increase in plasma testosterone levels is likely related to feedback induced by blockade of androgen receptor. 35, 36 Previous studies have also shown that plasma estrogen levels increased in male rats administered flutamide. 24, 25 Although we have not measured alteration in hepatic aromatase activity in this study, our recent study has demonstrated that flutamide administration following trauma-hemorrhage increased cardiac aromatase activity in male rats. 27 Therefore, the elevated aromatase activity induced by flutamide administration after hemorrhagic shock likely resulted in the elevation of plasma estradiol levels. Interestingly, administration of ICI 182,780 along with flutamide diminished the sustained plasma estradiol levels induced by flutamide, although ICI 182,780 did not influence plasma testosterone levels in both the sham and the trauma-hemorrhage groups. A previous study has reported that ICI 182,780 is not only an ER antagonist but also an inhibitor of cellular aromatase activity. 37 Thus, ICI 182,780 likely prevented the salutary effects of flutamide following trauma-hemorrhage not only via ER antagonism but also because it prevented the increase in plasma estradiol levels by flutamide. The entry of gut-derived inflammatory products into the circulation via mesenteric lymph seems to play a major role in the neutrophil priming and activation. 38, 39 In this regard, a study has shown that trauma-hemorrhagic shock-induced up-regulation of ICAM-1 expression in the hepatic endothelial cell is blunted by ligation of mesenteric lymph duct. 13 A previous study has reported sexual dimorphism in the activation of neutrophils by shock mesenteric lymph. Furthermore, it has been shown that there is a decrease in pathologic neutrophil activation following trauma-hemorrhagic shock in proestrus female rats, in which estrogen levels are highest. 40 Our previous study has demonstrated that flutamide administration following treatment restored the reduced blood flow and oxygen delivery and consumption in the intestine under those conditions. 41 Although we did not evaluate intestinal alteration in this study, it is possible that flutamide administration also improves gut perfusion and reduces the entry of gut-derived inflammatory products following trauma-hemorrhage.
The long-term use of flutamide has been reported to induce hepatic toxicity. 42 Another in vitro study has demonstrated that high concentration of flutamide alters the activation of neutrophils by subsequent phorbol myristate acetate or f-methionyl-leucylphenylalanine. Stimulation in neutrophils and minor neutrophilmediated injury to isolated hepatocytes was observed in the presence of high-dose flutamide. 43 However, a clinical prospective study in a large number of patients has shown that the incidence of flutamide-induced liver toxicity is very low. 44 Flutamide appears to cause hepatotoxic effects in some patients. 45 Nonetheless, our findings suggest that administration of a single dose (25 mg/kg sc) of flutamide in rats as an adjunct to resuscitation following trauma-hemorrhage is effective in attenuating hepatic injury and cytokine production under those conditions. Although the results indicate salutary effects of flutamide at 2 hours after its administration, it remains unclear whether the salutary effects are sustained for longer periods of time after treatment. In this regard, our previous studies have shown that the salutary effects by pharmacologic agents such as estradiol, flutamide, and dehydroepiandrosterone are sustained for prolonged intervals, and they also improve the survival of animals if the improvement in organ functions is observed in the early phase following administration of the pharmacologic agent. 17, 20, 22, 41, 46 
CONCLUSION
Our study indicates that flutamide administration ameliorates hepatic injury and IL-6 production following traumahemorrhage. The improvement in hepatic injury following flutamide administration is likely due to a reduction of hepatic neutrophil accumulation associated with down-regula-tion of CINC-1, CINC-3, and ICAM-1 following traumahemorrhage. Furthermore, the suppression in hepatic NF-B activation by flutamide appears to contribute to the decrease in cytokine production and hepatic expressions of chemokine and adhesion molecule. Flutamide-mediated modulation in hepatic NF-B activation is likely mediated via ER-related pathway. Since flutamide administration following traumahemorrhage decreased hepatic injury and cytokine production, this agent appears to be a novel and useful adjunct for restoring the depressed hepatic function in male animals following adverse circulatory conditions.
